CONVERSION FACTORS AND VERTICAL DATUM
Temperature: Degrees Celsius (°C) can be converted to degrees Fahrenheit (°F) by using the formula °F = [1.8(°C)]+32. Degrees Fahrenheit can be converted to degrees Celsius by using the formula °C = 0.556(°F-32).
Sea level:
In this report, "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929, formerly called "Sea-Level Datum of 1929"), which is derived from a general adjustment of the first-order leveling networks of the United States and Canada.
INTRODUCTION
Meteorological data were collected near the low-level radioactive-waste burial facility near Beat*y, Nev., in support of ongoing studies (Andraski and others, 1995) to estimate the potential for downward movement of radionuclides into the unsaturated sed; -ments beneath waste-burial trenches at the facility ( fig. IB) . This report presents and summarizes the data collected for calendar year 1992. Instrumentation us^d to collect the data is described also. This report is tb«5 sixth in a series of meteorological data reports published for this site (Wood and Fischer, 1991, 1992 ; Wood and others, 1992; Wood and Andraski, 1992 Andraski, , 1994 ) that present data for the overall 7-year period 1986-92. The meteorological data collected in calendar year 1992 include air temperature, relative humidity, vapor pressure, incident solar radiation, windspeed, wind direction, barometric pressure, and precipitation. Windspeed and wind vector are assumed horizontal. In addition, data on net radiation, soil temperature, and soil-heat flux were collected from June through October. Hourly, 20-minute, and summary data are available in digital form by contacting the U.S. Geological Survey, Water Resources Division office in Carson City, Nev. The waste-burial facility in the Amargosa Desert, 17 km southeast of Beatty and 169 km northwest of Las Vegas, Nev., ( fig. 1A ) has been operating since 1962. The disposal facility was the first commercially operated in the United States. Burial of low-level radioactive wastes ceased at the end of 1992, although burial of hazardous chemical wastes continues ( fig. IB) . At this facility, waste is emplaced in 2-to 15-m deep trenches and covered by backfilling with previously excavated materials. The Amargosa Desert in the vicinity of the waste-burial facility is a northwest trending valley about 13 km wide. Vegetation is sparse, vith creosote bush (Larrea tridentata) being the dominant species.
The study site (altitude 847 m above sea le^el), is situated in one of the most arid parts of the United States. Annual precipitation at the study site between 1986 and 1992 ranged from 14 mm in 1989 to 1(5 mm in 1992 and averaged 90 mm. Mean annual prec; citation is about 114 mm at Beatty (altitude, 1,005 m), and 74 mm at Amargosa Farms (formerly Lathrop Veils; altitude, 817 m), 30 km southeast of the site (Nhhols, 1987, p. 15) . No perennial streams are within 16 km of the site and the dry (ephemeral) bed of the Amargosa River is the principal drainage channel ( fig. 1A) .
A detailed view of part of the study site is shown in figure 2. The site is enclosed by a chainlink fence approximately 2-m high topped with ^1% m of razor ribbon and is patrolled by security personnel from the adjacent commercial waste-disposal facility; this provides protection against vandalism. In addition to data collected at the meteorological station, soil-moisture data are collected from three neutron-probe access tubes, and soil-temperature and water-potential data are collected from sensors installed at several depths in a monitoring shaft ( fig. 2 ). An undisturbed area is maintained south of the shaft site where no vehicle traffic is allowed and foot traffic is restricted to a designated path. A description of the unsaturated-zone monitoring is presented by Fischer (1992) .
INSTRUMENTATION
Meteorological sensors consisting of an airtemperature and relative-humidity sensor, silicon pyranometer, anemometer, wind vane, and tipping-bucket rain gage were installed in July 1991. These sensors were replaced as part of annual rotation in April 1992. Temperature, relative-humidity, solar-radiation, windspeed, wind-direction, and precipitation sensors were replaced with identical sensors during the reinstrumentation procedure. A barometric-pressure sensor was installed in June 1990. Because of cost, the barometer was not scheduled for annual rotation with an equivalent sensor. In June 1992, soil-temperature probes, soil-heat-flux plates, and a net radiometer also were installed at the site. All sensors were factory calibrated prior to installation.
Data from the sensors were recorded using a Campbell Scientific, Inc., (CSI) 2IX data logger. The temperature/relative-humidity sensor, silicon pyranometer, anemometer, and wind vane were mounted on a CSI CM 10 tripod. The temperature/relative-humidity sensor was installed at 1.6 m above ground level. Windspeed and wind-direction sensors were mounted at 3.4 m. The solar-radiation sensor was mounted on a horizontal arm at a height of 3.0 m, and the precipitation tipping-bucket gage was installed on a separate mount about 10m from the tripod at a height of 1.0 m. All heights are approximate. The CSI CM 10 tripod is approximately 40 m from the CSI data logger housed in a shed on the site ( fig. 2 ).
Soil-temperature probes and soil-heat-flux places were buried according to accepted procedures about 5 m from the tripod. Two soil-heat-flux plates were used in conjunction with four soil-temperature measuring thermocouples to measure soil-heat flux. Two tHrmocouples were buried in the soil at depths of 2 cm and 6 cm directly above a heat flux plate, which w?s buried at a depth of 8 cm. Another thermocouple pair and heat-flux plate were buried in the same manner about 2 m away. The location of the two heat-flux plates/thermocouples was chosen to be representative of the area being studied. The net radiometer was mounted on a separate upright approximately 10m from the tripod at a height of 2.5 m. An approximate ratio of bare soil to vegetation was determined and the location of the net radiometer was chosen to be rep-esentative of this ratio.
The Vaisala HMP35c temperature-relative humidity probe is capable of making measurements over a full range of 0-100 percent relative humidity. The 0-10-percent range is of particular interest at tH arid study site near Beatty. According to manufacturer specifications, accuracy of the probe at 20°C against factory references is ±1 percent within the range of 0 to 90 percent relative humidity. The accuracy of the probe against field references is ±2 percent within the ran<re of 0 to 90 percent relative humidity, and ±3 percent within the range of 90 to 100 percent relative humid;ty. Temperature dependence is listed as ± 0.04 percent relative humidity per degree Celsius, with a typical longterm stability less than 1 percent relative humidity per year. The "worst case" temperature accuracy is ±0.4 °C over the range of -33 to +48°C. The Vaisala probe was mounted inside a 12-plate Gill radiation shield.
The anemometer is a model 014A, supplied ' by MET ONE, with an accuracy of 1.5 percent and a threshold of 0.45 m/s. The wind vane is a model 02^ A, also from MET ONE, and has a specified accuracy of ±5 degrees and a threshold of 0.45 m/s. The tippingbucket rain gage is a Weathermeasure model P-501 with a sensitivity and resolution of 0.25 mm and an accuracy of 0.5 percent at 128.7 mm/hr. The silicor pyranometer is a LICOR LI200S calibrated against an Eppley Precision Spectral Pyranometer, which has a maximum error of ±5 percent. The CSI SBP270 barometric pressure sensor has a range of 80 to 110 kilopascals (kPa), and an accuracy of ± 0.02 kPa. Tie barometer is mounted alongside the data logger inside the shed ( fig. 2 ). All sensor specifications are supplied by manufacturers.
The soil-temperature probe is a TCAV Averaging Soil Thermocouple Probe manufactured by CSI. The TCAV probe parallels four separate thermocouple junctions into one. The TCAV probe, which is constructed with Type-E thermocouple wire (chromelconstantan), is used in conjunction with two HFT-1 soil-heat-flux plates (nominal resistance 2 ohms) manufactured by Radiation and Energy Balance Systems, Inc., (REBS) to calculate heat flux at the surface of the soil.
Net radiation is measured with a REBS Q-6 net radiometer, which contains a high-output, 62-junction thermopile. Nominal resistance of the thermopile is 4 ohms.
SELECTED METEOROLOGICAL DATA
Measurements of air temperature, relative humidity, incoming solar radiation, windspeed, and wind direction were made by the 21X data logger every 10 seconds. Barometric pressure, soil temperature, soilheat flux, and net radiation were measured every 30 seconds. From January 1 to May 31, these measurements were used by the 21X data logger to compute hourly means of air temperature, relative humidity, vapor pressure, solar radiation, windspeed, wind direction, and standard deviation of the wind direction. From June 1 through December 31, these means were computed at 20-minute intervals. An average barometric pressure was computed every 10 minutes for the year. Precipitation was recorded at 5-minute intervals only during storms, and totaled for each day. The hourly and 20-minute mean values and total precipitation values were automatically retrieved from the data logger to a personal computer using telecommunications and data-retrieval programs. Data from the data logger were retrieved daily. A cassette tape connected to the data logger was used as a backup to the automatic data-retrieval system. The hourly mean values were used to compute daily means, daily maximums, and daily minimums of air temperature, relative humidity, vapor pressure, solar radiation, windspeed, wind direction, barometric pressure, soil temperature, soil-heat flux, and net radiation and are summarized in tables 3, 4, and 5 at the end of this report.
Air Temperature
Maximum and minimum values of hourly mean air temperatures for each month and a monthly mean value are listed in table 1. The minimum temperature of -8.6°C was measured on December 21, and the maximum of 42.3°C was measured on August 10.
Seasonal and daily temperature fluctuations are large in the vicinity of the study area. Differences between daily maximum and minimum hourly mean temperatures commonly exceed 20°C. The difference between winter minimum and summer maximum temperatures was more than 50°C. Daily maximum, daily mean, and daily minimum air temperatures for 1992 are shown in figure 3. 
Relative Humidity
Relative humidity is the ratio of the amount of water vapor in the air at a specific temperature to th^. maximum amount of water vapor the air can hold a* that temperature and is expressed as a percent. Dail; r mean, daily maximum, and daily minimum relativehumidity values computed from hourly and 20-miniUe mean values are listed in table 3. Daily mean relativehumidity values are shown in figure 4. Daily mean values ranged from 6 to 93 percent. In contrast, hourly mean values range from 2 percent during the drier summer months to 100 percent during winter storm *,
Vapor Pressure
Water-vapor content of air can be expressed in terms of the partial pressure exerted by the water vapor, or vapor pressure (Campbell, 1977, p. 21) . Vapor pressure was determined by first calculating the saturation vapor pressure at the measured air temperature, which is the highest concentration of water vapor that can exist in equilibrium with a plane free-water surface at that temperature. This value was obtained by using the formula from Lowe (1977):
where, E is saturation vapor pressure, in millibars; 7"is temperature, in degrees Celsius; and a, is numerical constant for each term of the polynomial (z=0,l,...6). The numerical constants in equation 1 are as follows: a0=6.10779991 =4.436518521 x 10' 1 02=1. 428945805 x 10'2 o3=2.650648471 x 10'4 04=3.031240396 xlO'6 05=2.034080948 x 10'8 06=6.136820929 xlO' 11 The saturation vapor pressure value was then divided by 10 to convert from millibars to kilopascals. Ambient vapor pressure was computed each time relative humidity and temperature were measured (10 seconds 
Incident Solar Radiation
Daily mean and daily maximum incident solar radiation computed from hourly and 20-minute mean values are listed in table 3. Incident solar radiation is the amount of short-wave radiation that reaches the earth. Generally, daily mean and daily maximum radiation values were greater from May through August, and smaller f~om November through February, coinciding with seasonal cycles.
Maximum solar radiation values computed from hourly and 20-minute mean values for each day are shown in figure 6. Computed values ranged from 115 W/m2 on February 6 to 1,021 W/m2 on May 24.
Net Radiation
Net radiation is the difference between totrl upward and downward radiation fluxes and is a measure of the energy available at the ground surface. Alternately, net radiation can be described as the radiative energy retained by the surface for heating scrl and air, plant growth, and water evaporation. Net radiation is important because it drives the processes of e^apo-transpiration, soil and air heating, and other, smaller energy-consuming processes such as photosynthesis (Rosenberg and others, 1983 i IS Daily mean wind-vector magnitude, in degrees Azimuth, and wind-vector direction, in meters per second, were determined by summing the hourly and 20-minute mean wind vectors as shown in figure 9 . At the end of each 24-hour period, the daily mean wind-vector direction (6) was calculated using Campbell Scientific, Inc. 
Daily mean wind-vector direction ranges from 0 to 360 degrees Azimuth (increasing degrees clockwise from north). The wind-vector direction calculated from equation 2 was transformed into degrees Azimuth on the basis of X and Y. For positive X and Y, the value calculated from equation 2 is the daily mean wind-vector direction in degrees Azimuth. For negative values of Y, the calculated value of wind-vector direction is added to 180 degrees, and for a negative value of X and a positive value of Y, the calculated value is added to 360 degrees. Equation 2 is indeterminate when Y is zero. Therefore, when 7=0, the daily mean wind-vector direction was set to 90 degrees Azimuth for positive values of X and 270 degrees Azimuth for negative values of X.
Daily mean wind-vector directions indicate seasonal variability in wind direction for 1992. Wind at the study site was predominantly from the northwest during January and February. Northwest winds also prevailed during March, April, and May but with a somewhat larger proportion coming from the southwest and southeast. Winds in June, July, and August were more evenly distributed from the northwest, southwest, and southeast. Winds changed again in September and northwesterly patterns dominated fcr the remainder of the year.
Barometric Pressure
A CSISBP270 Barometric Pressure Sensor is installed next to the 21X data logger in the shed ( fig. 2) . Ten-minute pressure values were gathered throughout the year. The true barometric pressure at the site was determined by calculating the correction factor (P), in millibars, using the formula (Campbell Scientific, Inc., 1989b):
altitude > 5-253 " 44307.697
where, mv is millivolt output of barometer, 1.2 is barometer multiplier, 800 is barometer offset, altitude is in meters above sea level, and P is output, in millibars, and is multiplied by 0.1 to obtain kilopascals. Daily mean, daily maximum, and daily minimum values of barometric pressures for 1992 are listed ir table 5. Daily mean barometric-pressure values computed from 10-minute mean values are shown in figure  10 . The minimum barometric pressure measured in 1992 was 100.16 kPa, on January 5, and the maximum was 103.38 kPa, on November 27.
Precipitation
Due to the infrequent precipitation at the study site, precipitation is not included in table 3, but is summ"-rized in table 2 and figure 11. Total measured precipitation for the year was 165.3 mm, which is the most precipitation measured for any year from 1986 to 1992 (Wood and Fischer, 1991,1992; Wood and others, 1992; Wood and Andraski, 1992,1994). Mean annual precipitation from 1986 through 1992 is 90 mm.
Monthly precipitation values measured at the study site are shown in figure 11A . Monthly precipi*ation ranged from 45.0 mm in March to zero in AprT ? June, September, and November. More than 50 percent of the precipitation occurred in February and March Summer precipitation was from local convective storms, whereas winter events were from regional frontal systems. Figure 1 IB compares monthly precipitation at the study site (altitude 847 m) and two National Oceanic and Atmospheric Administration (NOAA) sites. One of the these sites is designated Beatty 8N (lat. 37°00' N., long. 116°43' W.) and is 12.9 km north of Beatty at an altitude of 1,007 m (fig. 1) ; the other is Amargosa Farms (lat. 36°34' N., long. 116°28' W.), which is about 35 km southeast of the study site at an altitude of 747 m. Monthly values can differ considerably between sites.
Daily precipitation totals for the study site are shown in figure 11C and table 2. The largest storms occurred during the winter and spring months. Daily precipitation exceeded 10 mm during 4 days in 1992. Summer storms are usually of short duration but can be intense. soils can be measured by means of soil-heat-flux plates and soil-temperature probes. A soil-heat-flux plate consists of a differential thermopile, which is connected between the top and bottom parts of the sensing pla*e, and the temperature drop is measured across a known thermal resistance. 
SOIL TEMPERATURE AND SOIL-HEAT FLUX
Heat generally is conducted downward into the soil during the day and upward at night. By convention, all energy fluxes from the atmosphere downward through the surface are considered positive, and all energy fluxes upward from the surface to the atmosphere are negative. The flux of heat into and out of SUMMARY Meteorological, soil-temperature, and soil-heztflux data were collected adjacent to a low-level radioactive-waste facility near Beatty, Nev., for calendar year 1992 in support of an ongoing study to estimate the potential for downward movement of radionuclides into the unsaturated sediments beneath waste-burial trenches at the arid facility. This report provides daily mean values of air temperature, relative humidity, vapor pressure, incident solar radiation, net radiation, windspeed, wind direction, barometric pressure, daily totals of precipitation, soil temperature, and soil-heat flux. A general description of instrumentation used and sensor installation is given.
The hourly minimum and 20-minute mean air temperature for the year was -8.6°C in December and the maximum was 42.3°C in August. Hourly and 20-minute mean values for relative humidity ranged from 2 percent to 100 percent. Hourly and 20-minute mean vapor pressures ranged from of 0.07 kPa in October to 2.47 kPa in May. Daily maximum incident solarradiation values ranged from 115 W/m2 in February, to 1,021 W/m2 in May. Daily maximum net-radiation values ranged from 195 W/m2 in October to 632 W/m2 in July. Daily mean windspeed ranged from than 0.6 m/s in December to 8.1 m/s in January. Daily mean wind-vector direction determined from hourly and 20-minute mean data was predominantly from tve northwest between January through March and October through December. The wind shifted during the summer months and was commonly from the southeast, southwest, and northwest. Barometric pressure'1 ranged from 100.16 kPa to 103.38 kPa. Total measured precipitation for the year was 165.3 mm. Monthly p-ecipitation ranged from 45.0 mm in March to zero in April, June, September, and November. Daily precipitation totaled more than 10 mm 4 days in 1992. Soil temperature and soil-heat flux were measured from June through October. Daily mean soil temperature at a depth from 2 to 6 cm ranged from 10.7°C on October 27 to 39.1°C on July 19. Daily mean soil-heat flux at a depth of 8 cm ranged from -13.4 W/m2 on October 29 to 12.2 W/m2 on June 27. 
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